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METHOD FOR PREPARING FLUORINATED
METHACRYLATE COMPOUND

TECHNICAL FIELD

The present mnvention relates to a method for preparing a
fluorinated methacrylate compound, which 1s used for vari-
ous applications, such as paints that require water repellency
and stain resistance, fabric base matenals, optical materials,
plastic optical materials and contact lenses that require o1l
repellency and water repellency.

BACKGROUND ART

Methacrylate monomer contaiming fluorine 1s used to
synthesize a functional polymer having characteristics such
as water repellency, o1l repellency, heat resistance, chemical
resistance, weather resistance and low refractive index. Such
a Tunctional polymer 1s used for various applications such as
paints that require water repellency and stain resistance,
tabric base materials, optical materials, plastic optical mate-
rials and contact lenses that require o1l repellency and water
repellency.

In connection with the method of synthesizing fluorinated
methacrylates, a conventional technique uses sulfolane as a
solvent, and carries out the reaction by injecting potassium
methacrylate and gaseous 2-chloro-1,1,1-trifluoroethane
under the conditions of 210° C. and atmospheric pressure.
However, since 1t 1s necessary to carry out the reaction under
high temperature conditions and deal with the gaseous
reactant, there 1s a problem that a special device 1s necessary.

In another conventional technique, the reaction is carried
out by using alcohol and methacrylic acid as a reactant, and
fuming sulfuric acid as a solvent under a temperature
condition of 95° C. or higher. Thus, there 1s a problem that
the reaction 1s carried out at a high temperature, and fuming
sulfuric acid, which 1s a strong acid, 1s used as a solvent and
catalyst.

As described above, with respect to the method for
preparing fluorinated methacrylates, the conventional tech-
niques have disadvantages that not only vigorous reaction
conditions are required, but also even in the separation and
purification of the product, the difference 1n boiling point
between the solvent and the product to be used 1s small,
making 1t diflicult to separate.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Technical Problem

An object of the present mnvention 1s to provide a method
for preparing a fluorinated methacrylate compound, capable
of carrying out the reaction under mild conditions, easily
separating and puritying the product, and besides providing
high vyields.

Technical Solution

The present mnventors have studied to solve the problems
of the conventional techniques in which separation and
purification were dithcult because they require vigorous
reaction conditions and use an organic solvent having a
boiling point similar to that of the product during the
separation and purification of the product. As a result, 1t has
been found that when methacrylic acid anhydride and alco-
hol are reacted in the presence of an 1midazole-based base,
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not only the reaction proceeds at room temperature, but also
the product can be easily separated through a vacuum
distillation after layer separation. Thereby, the disadvantages
possessed by the preparation method of the conventional
techniques has been improved, and a simple preparation
method has been provided.

According to one aspect of the present invention, there 1s
provided a method for preparing a fluorinated methacrylate
represented by the following Chemical Formula 2, the
method comprising reacting an alcohol represented by the

following Chemical Formula 1 with methacrylic acid anhy-
dride 1n the presence of an 1imidazole-based base.

(Chemical Formula 1)

RjOH

(Chemical Formula 2)

R
\O

(wherein, R, represents a fluorine-substituted C1-C20
alkyl group.)

In an embodiment of the present invention, the alcohol,
the methacrylic acid anhydride and the base may be mixed
in an equivalent ratio 01 0.9 to 1.5 equivalents of alcohol: 0.9
to 2.0 equivalents ol methacrylic acid anhydride: 0.01 to 1.0
equivalents of a base.

In an embodiment of the present invention, the base 1s an
imidazole-based base, which 1s selected from the group
consisting of 1-methylimidazole, 1-(methoxymethyl)imida-
zole, 1-(ethoxymethyl imidazole, 1-(propoxymethyl)imida-
zole, 1-(butoxymethyl imidazole, 1-(2-methoxyethyl)imida-
zole,  1-(2-ethoxyethyl)imidazole, 1-(2-propoxyethyl)
imidazole, 1-(2-butoxyethyl)imidazole, 1-(3-
methoxypropyl imidazole and 1-(3-ethoxyethyl)yimidazole.
In addition, the base may preferably be 1-methylimidazole.

The reaction may be carried out at a temperature of O to
40° C. for 2 to 10 hours.

Further, the method of the present invention may, after
completion of the above reaction, further comprise separat-
ing layers mto a product layer contaiming fluorinated meth-
acrylates and a water layer containing byproducts by adding
an aqueous base solution to the reaction mixture, thereby
obtaining fluorinated methacrylate from the product layer.

The base of the aqueous base solution may be an inor-
ganic base and/or an organic base, and the mmorganic base
may be at least one selected from the group consisting of
sodium hydroxide, sodium carbonate, sodium bicarbonate,
potassium hydroxide, potasstum carbonate, potassium bicar-
bonate, calcium hydroxide, lithium hydroxide; and the
organic base may be at least one selected from the group
consisting of methylamine, dimethylamine, trimethylamine,
diethylamine, triethylamine, tributylamine, pyridine, piperi-
dine, methyl pyridine, dimethylpyridine and aniline.

Further, the aqueous base solution may be preferably an
aqueous sodium hydroxide solution.

Advantageous Eflects

According to the preparation method of the present inven-
tion, there are advantages in that when a methacrylic acid
anhydride and an alcohol are reacted using a specific base,
the reaction proceeds at room temperature, the amount of the
base used 1s small at a level of the catalyst, and there 1s no
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need to use a separate organic solvent when separating the
product from by-products. That 1s, the method for preparing,
fluorine-containing methacrylate according to the present
invention 1s advantageous in that fluorinated methacrylate
can be obtained 1n a very simple and rapid method. The
fluorinated methacrylate prepared by the preparation method
of the present invention can be used for various applications
such as paints and optical materials which require water
repellency and stain resistance.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1l

Hereinafter, embodiments of the present invention will be
described 1n detail.

Specifically, 1n one embodiment of the invention, there 1s
provided a method for preparing a fluorinated methacrylate
represented by the following Chemical Formula 2, the
method comprising reacting an alcohol represented by the

following Chemical Formula 1 with methacrylic acid anhy-
dride 1n the presence of an imidazole-based base.

(Chemuical Formula 1)

RjOH

(Chemuical Formula 2)

wherein, R, represents a fluorine-substituted C1-C20
alkyl group. Preferably, the R, may be a fluorine-substituted
linear or branched alkyl group having 1 to 20 carbon atoms,
and the number of the substituted tluorine may be 1 to 36.

The methacrylic acid anhydride may be represented by
the following Chemical Formula 3.

(Chemuical Formula 3)

In an embodiment of the present invention, the meth-
acrylic acid anhydrnide, the alcohol and the base may be
mixed i an equivalent ratio of 0.9 to 1.5 equivalents of
alcohol: 0.9 to 2.0 equivalents of methacrylic acid anhy-
dride: 0.01 to 1.0 equivalent of base. Preferably, they may be
mixed 1in an equivalent ratio of 0.9 to 1.1 equivalents of
alcohol: 0.9 to 1.5 equivalents of methacrylic anhydride:
0.05 to 1.0 equivalents of base. Further, the mixing ratio of
alcohol:methacrylic acid anhydride:base 1s preterably 0.9-
1.1:0.8-1.2:0.05-0.2, and most preferably about 1:1.1:0.1.
When the mixing ratio 1s out of the above range, the yield
of fluorinated methacrylate can be reduced, and when the
base 1s used 1n an amount of less than 0.01 equivalent,
especially, when the amount of the base exceeds 1.0 equiva-
lent, the yield of fluorinated methacrylate can be signifi-
cantly reduced.

In an embodiment of the present invention, the base may
use an 1midazole-based base.

More specifically, examples of the imidazole-based base
may be one or two or more selected from the group
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consisting of 1-methylimidazole, 1-methoxymethyl)imida-
zole, 1-(ethoxymethyl imidazole, 1-(propoxymethyl)imida-
zole, 1-(butoxymethyl imidazole, 1-(2-methoxyethyl)imida-
zole, 2-ethoxyethyl imidazole, 1-(2-propoxyethyl)
imidazole, 1-(2-butoxyethylimidazole, (1-(3-
methoxypropyl imidazole and (1-(3-ethoxypropyl)
imidazole. Also, the base i1s 1-methylimidazole which 1s
preferable from a viewpoint that the yield of the product 1s
the highest. When a pyridine-based base or a morpholine-
based base other than an 1imidazole-based base 1s used as the
base, the yield of fluorinated methacrylate as a product can
be significantly reduced.

In an embodiment of the present immvention, the alcohol
may be preferably 2,2,3,3.3-pentafluoro-1-propanol, 2,2.3,
3-tetrafluoro-1-propanol, 1,1,1,3,3,3-hexatluoro-2-propanol,
2,2,3.3.4.4.4-heptatluoro-1-butanol, 2,2,3,4.4,4-hexatluoro-
1-butanol, 2,2,3,3.,4,4,5,5-octatluoro-1-pentanol, 1H,1H,2H,
2H-nonafluoro-1-hexanol, 4,4,5,5,6,6,7,7.7-nonafluoro-1-
heptanol, 1H,1H,2H,2H-tridecafluoro-1-n-octanol, 1H,1H,
TH-dodecafluoro-1-heptanol, or 1H,1H,2H,2H,3H,3H-
tridecafluoro-1-nonanol, but 1s not Ilimited thereto.
According to the method of the present invention, even 1f an
alcohol having a high pKa is used, a fluorinated methacry-
late compound having a high yield can be obtained.

In an embodiment of the present invention, the reaction
may specifically be carried out as shown in the following
Reaction Scheme, but 1s not limited thereto.

(Reaction Scheme 1)
O O
R,OH N7 N
1 + + —
O \ —/
(1)
(2)
O
R
\O
(3)
in Reaction Scheme 1, R, 1s as defined above.

In an embodiment of the present invention, the meth-
acrylic acid anhydride can be reacted with the alcohol under
the base at a temperature ranging from 0 to 40° C., and more
preferably, the reaction can be carried out at 10 to 30° C.,
and most preferably at room temperature. When the tem-
perature 1s out of the above range, the yield of fluormnated
methacrylate as a product can be significantly reduced.

In an embodiment of the present invention, the reaction
may be carried out for 2 to 10 hours. Specifically, the time
for which the methacrylic anhydride 1s reacted with the
alcohol under the base may be preferably 4 to 8 hours, more
preferably about 6 hours. When the reaction time 1s out of
the above range, the yield of fluorinated methacrylate as a
product can be sigmificantly reduced.

The method of the present invention may, aiter comple-
tion of the above reaction, further comprise separating layers
into a product layer containing fluorinated methacrylate and
a water layer containing byproducts by adding an aqueous
base solution to the reaction mixture, thereby obtaiming
fluorinated methacrylate from the product layer.

Methacrylic acid can be produced as a byproduct formed
by the method of the present mvention, and i order to
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separate the product and the byproduct, the method may
comprise adding an aqueous base solution. The aqueous
base solution may be added 1 an amount of 0.5 to 2.0
equivalents based on 1 equivalent of alcohol as the reactant.
Preferably 1.0 to 1.5 equivalents, particularly about 1.1
equivalents of base aqueous solution can be added. The
addition of the aqueous base solution makes it possible to
casily separate and purily the product, because tluorometh-
acrylate as a product 1s not mixed with water without the
addition of a separate organic solvent.

At this time, the step of obtaining fluorinated methacry-
late from the product layer can be obtained through vacuum
distillation, but 1s not limited thereto.

In an embodiment of the present invention, the base used
in the aqueous base solution used in the treatment step after
completion of the reaction may be an mmorganic base and/or
an organic base.

More specifically, examples of the inorganic base may be
one or two or more selected from the group consisting of
sodium hydroxide, sodium carbonate, sodium bicarbonate,
potassium hydroxide, potasstum carbonate, potassium bicar-
bonate, calcium hydroxide, lithium hydroxide; and
examples of the organic based may be one or two or more
selected from the group consisting of methylamine, dimeth-
ylamine, trimethylamine, diethylamine, triethylamine, tribu-
tylamine, pyridine, piperidine, methylpyridine, dimethyl-
pyridine and aniline.

In an embodiment of the present mvention, as the 1nor-
ganic base aqueous solution, sodium hydroxide aqueous
solution, sodium carbonate aqueous solution, sodium bicar-
bonate aqueous solution, potassium hydroxide aqueous solu-
tion, potassium carbonate aqueous solution, potassium
bicarbonate aqueous solution, calcium hydroxide aqueous
solution, or lithium hydroxide aqueous solution may be
used. In addition, when the organic base i1s used, another
water can be added and used to remove methacrylic acid
which 1s a byproduct formed as a result of the reaction.

Further, the aqueous base solution 1s most a sodium
hydroxide aqueous solution which 1s most pretferable from a
viewpoint that the yield of the product 1s high.

The fluorinated methacrylate can be obtained with a high
yield of 75% or more by the above method of the present
invention. Further, the reaction of the present mnvention 1s
carried out even at room temperature as compared with the
conventional techmique, and the reaction i1s carried out
without solvent. Therefore, 1t 1s possible to obtain the
product, 1.e., fluorinated methacrylate, 1n a simple and quick
manner without removing the solvent nor removing the
byproducts formed during the reaction. The fluorinated
methacrylate prepared by the above method can be used as
a tluorine monomer for synthesizing a functional polymer
having high oxygen permeability, water repellency and stain
resistance. In addition, the fluorinated methacrylate of the
present invention can be eflectively used as a paint and an
optical material which require water repellency, o1l repel-
lency and stain resistance.

Hereinafter, preferred examples will be presented to
facilitate understanding of the present invention. However,
these examples are provided for a better understanding of
the present invention only, and are not intended to limait the
scope of the mvention.

EXAMPLE

Example 1: Preparation of 2,2,2-trifluoroethyl
Methacrylate

3.28 g of 2,2,2-trifluoroethanol and 5.74 g of methacrylic
acid anhydride were added to a flask 1n a state in which the
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temperature was lowered up to 3° C. with 1ce. 0.27 g of
1 -methylimidazole was added thereto, and the mixture was
stirred for 30 minutes and then stirred at room temperature
for 6 hours. After completion of the reaction, 14 mL of a
10% sodium hydroxide aqueous solution was added drop-
wise while the temperature was lowered up to 5° C. with ice,
and then the mixture was stirred for 30 minutes. The ice was
removed and the layers were separated to obtain a mixed
solution contaiming 2,2,2-trifluoroethyl methacrylate as a

transparent liquid. The resulting solution was distilled under
reduced pressure to obtain 2,2,2-trifluoroethyl methacrylate

in a vield of 87%.

Examples 2 to 12: Preparation of Fluoroalkyl
Methacrylate Compounds

The reaction was carried out in the same manner as in
Example 1 except that the type of alcohol was changed. The
results are shown 1n Table 1 below.

TABLE 1
Yield
Example Alcohol compound Product (%0)
2 2,2,3,3,3- 2,2,3,3,3- 82
pentafluoro-1- pentafluoropropyl
propanol methacrylate
3 2,2,3.,3- 2,2,3,3- 80
tetrafluoro-1- tetrafluoropropyl
propanol methacrylate
4 1,1,1,3,3,3- 1,1,1,3,3,3- 77
hexafluoro-2- hexatluoro-2-propyl
propanol methacrylate
5 2,2,3,3.4.4.4- 2,2,3,3.4.4.4- 89
heptafiuoro-1- heptafiuorobutyl
butanol methacrylate
6 2,2,3.4.4.4- 2,2,3.4.4.4- 89
hexafluoro-1- hexafluorobutyl
butanol methacrylate
7 2,2,3,3.4.4,5,5- 2,2,3,3.4.4,5,5- 86
octafluoro-1- octatluoro-1-pentyl
pentanol methacrylate
8 1H,1H.,2H,2H- 1H,1H,2H,2H- 81
nonafluoro-1- nonafluoro-1-hexyl
hexanol methacrylate
9 4.4.5,5,6,6,7,7,7- 4.4.5,5,6,6,7,7,7- 75
nonafluoro-1- nonafluoro-1-heptyl
heptanol methacrylate
10 1H,1H,2H,2H- 1H,1H,2H,2H- 83
tridecafluoro-n- tridecafluoro-n-
octanol octyl methacrylate
11 1H,1H,7H.- 1H,1H,7H.- 92
dodecafluoro-1- dodecafluoro-1-
heptanol heptyl
methacrylate
12 1H,1H,2H,2H,3H,3H- 1H,1H,2H,2H,3H,3H- 86

tridecafluoro-1-
nonyl methacrylate

tridecaftluoro-1-
nonanol

Comparative Example 1: Preparation of
2,2, 2-trifluoroethy]l Methacrylate

3.28 g of 2,2, 2-trifluoroethanol and 5.74 g of methacrylic
acid anhydride were added to a flask 1n a state in which the
temperature was lowered up to 5° C. with 1ce. 2.7 g of
1 -methylimidazole was added thereto, and the mixture was
stirred for 30 minutes and then stirred at room temperature
for 6 hours. After completion of the reaction, 14 mL of a
10% sodium hydroxide aqueous solution was added drop-
wise 1n a state 1n which the temperature was lowered up to
5° C. with 1ce, and then the mixture was stirred for 30
minutes. The 1ce was removed and the layers were separated
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to obtain a mixed solution containing 2,2,2-trifluoroethyl
methacrylate as a transparent liquid. The resulting solution
was distilled under reduced pressure to obtain 2,2,2-trifluo-
roethyl methacrylate 1n a vield of 55%.

In Comparative Example 1 above, the reaction was car-
ried out by changing the amount of 1-methylimidazole used

to 1.0 equivalent, and as a result, it was confirmed that the
yield of 2,2,2-trifluoroethyl methacrylate was decreased.

Comparative Example 2: Preparation of
2,2, 2-trnifluoroethyl Methacrylate

3.28 g of 2,2,2-trifluoroethanol and 5.74 g of methacrylic
acid anhydride were added to a flask 1n a state in which the
temperature was lowered up to 3° C. with ice. 0.27 g of
1 -methylimidazole was added thereto, and the mixture was
stirred for 30 minutes and then stirred at room temperature
for 1 hour. After completion of the reaction, 14 mL of a 10%
sodium hydroxide aqueous solution was added dropwise 1n
a state 1n which the temperature was lowered up to 5° C.
with 1ce, and then the mixture was stirred for 30 minutes.
The ice was removed and the layers were separated to obtain
a mixed solution containing 2,2,2-trifluoroethyl methacry-
late as a transparent liquid. The resulting solution was
distilled under reduced pressure to obtain 2,2,2-trifluoro-
cthyl methacrylate 1n a yield of 56%.

In Comparative Example 2 above, the reaction was car-
ried out by reducing the reaction time to 1 hour, and as a
result, 1t was confirmed that the yield of 2,2,2-trifluoroethyl

methacrylate was decreased.

Comparative Example 3: Preparation of
2,2, 2-trnifluoroethyl Methacrylate

3.28 g of 2,2,2-trifluoroethanol and 5.74 g of methacrylic
acid anhydride were added to a flask 1n a state 1n which the
temperature was lowered up to 5° C. with 1ce. 0.27 g of
1 -methylimidazole was added thereto, and the mixture was
stirred for 30 minutes and then stirred at 60° C. for 6 hours.
After completion of the reaction, 14 mL of a 10% sodium
hydroxide aqueous solution was added dropwise 1n a state in
which the temperature was lowered up to 53° C. with 1ce, and
then the mixture was stirred for 30 minutes. The 1ce was
removed and the layers were separated to obtain a mixed
solution containing 2,2,2-trifluoroethyl methacrylate as a
transparent liquid. The resulting solution was distilled under
reduced pressure to obtain 2,2,2-trifluoroethyl methacrylate
in a yield of 32%.

In Comparative Example 3 above, the reaction was car-
ried out at a temperature of 60° C., and as a result, 1t was
confirmed that the yield of 2,2,2-trifluoroethyl methacrylate

was decreased.

Comparative Example 4: Preparation of
2,2, 2-trifluoroethyl Methacrylate

3.28 g of 2,2,2-trifluoroethanol and 5.74 g of methacrylic
acid anhydride were added to a flask 1n a state 1n which the
temperature was lowered up to 3° C. with ice. 0.26 g of
pyridine was added thereto, and the mixture was stirred for
30 minutes and then stirred at room temperature for 1 hour.
After completion of the reaction, 14 mL of a 10% sodium
hydroxide aqueous solution was added dropwise 1n a state in
which the temperature was lowered up to 5° C. with 1ce, and
then the mixture was stirred for 30 minutes. The ice was
removed and the layers were separated to obtain a mixed

solution containing 2,2,2-trifluoroethyl methacrylate as a
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transparent liquid. The resulting solution was distilled under
reduced pressure to obtain 2,2,2-trifluoroethyl methacrylate
in a yield of 55%.

In Comparative Example 4 above, the reaction was car-
ried out by using 0.1 equivalent of pyridine as a base
catalyst, and as a result, 1t was confirmed that the yield of
2,2, 2-trifluoroethyl methacrylate was decreased.

Comparative Example 5: Preparation of
2,2, 2-trifluoroethyl Methacrylate

3.28 g of 2,2, 2-trifluoroethanol and 5.74 g of methacrylic
acid anhydride were added to a flask 1n a state in which the
temperature was lowered up to 3° C. with ice. 0.33 g of
morpholine was added thereto, and the mixture was stirred
for 30 minutes and then stirred at room temperature for 1
hour. After completion of the reaction, 14 mL of a 10%
sodium hydroxide aqueous solution was added dropwise 1n
a state 1 which the temperature was lowered up to 5° C.
with 1ce, and then the mixture was stirred for 30 minutes.
The ice was removed and the layers were separated to obtain
a mixed solution containing 2,2,2-trifluoroethyl methacry-
late as a transparent liquid. The resulting solution was
distilled under reduced pressure to obtamn 3.0 g of 2,2,2-
tritfluoroethyl methacrylate in a yield of 55%.

In Comparative Example 5 above, the reaction was car-
ried out by using morpholine as a base catalyst, and as a
result, 1t was confirmed that the yield of 2,2,2-trifluoroethyl
methacrylate was decreased.

The mvention claimed 1s:

1. A method for preparing a fluorinated methacrylate
represented by the following Chemical Formula 2, the
method comprising reacting an alcohol represented by the
following Chemical Formula 1 with methacrylic acid anhy-
dride 1n the presence of an imidazole-based base,

wherein the alcohol and the base are added 1n a ratio of

0.01 to 0.2 equivalents of the base relative to 1 equiva-
lent of the alcohol

(Chemical Formula 1)

R;OH
(Chemuical Formula 2)

R
\O

wherein, R, represents a fluorine-substituted C1-C20
alkyl group.

2. The method for preparing a fluorinated methacrylate

according to claim 1, wherein the base 1s an 1imidazole-based

base, which 1s at least one selected from the group consisting

of 1-methylimidazole, 1 -(methoxymethyl imidazole,
1 -(ethoxymethyl)imidazole, 1-(propoxymethyljimidazole,
1 -(butoxymethyl)imidazole, 1-(2-methoxyethyl )imicﬂazoﬁ.e,,
1-(2-ethoxyethyl)imidazole, 1-(2-propoxyethyl)imidazole,
1-(2-butoxyethyl imidazole, 1-(3-methoxypropyl)imidazole

and 1-(3 ethoxyethyl)lmldazole
3. The method for preparing a fluorinated methacrylate
according to claim 1, wherein the base 1s 1-methylimidazole.
4. The method for preparing a fluorinated methacrylate
according to claim 1, wherein the reaction 1s carried out at
a temperature of 0 to 40° C.
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5. The method for preparing a fluorinated methacrylate
according to claim 1, wherein the reaction 1s carried out for
2 to 10 hours.

6. The method for preparing a fluorinated methacrylate
according to claim 1, wherein after completion of the above
reaction, the method further comprises separating layers into
a product layer contaiming fluorinated methacrylate and a
water layer containing byproducts by adding an aqueous
base solution to a mixture after completion of the reaction,
thereby obtaining fluorinated methacrylate from the product
layer.

7. The method for preparing a fluorinated methacrylate
according to claim 6, wherein the base 1s an 1norganic base
and/or an organic base.

8. The method for preparing a fluorinated methacrylate
according to claim 7, wherein the inorganic base 1s at least
one selected from the group consisting of sodium hydroxide,
sodium carbonate, sodium bicarbonate, potassium hydrox-
ide, potassium carbonate, potasstum bicarbonate, calcium
hydroxide, lithtum hydroxide; and the organic base 1s at least
one selected from the group consisting of methylamine,
dimethylamine, trimethylamine, diethylamine, triethylam-
ine, tributylamine, pyridine, piperidine, methyl pyridine,
dimethylpyridine and aniline.

9. The method for preparing a fluorinated methacrylate
according to claim 7, wherein the aqueous base solution 1s
an aqueous sodium hydroxide solution.

¥ H H ¥ ¥
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